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(57) ABSTRACT 

A technique for determining a symbol erasure threshold for 
a received communication signal containing symbol infor 
mation is disclosed. The technique begins by performing a 
?rst threshold calculation to produce an initial symbol 
erasure threshold, then performing a ?rst margin calculation 
to produce an initial symbol erasure margin and then modi 
fying the initial symbol erasure threshold using the initial 
symbol erasure margin to produce a modi?ed symbol era 
sure threshold. By then periodically modifying the modi?ed 
symbol erasure threshold adaptive via updating the symbol 
erasure threshold and/or symbol erasure margin based on 
various error quantities, the technique can compensate for 
time-variant considerations, such as drifting noise levels. 

18 Claims, 9 Drawing Sheets 
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METHODS AND SYSTEMS FOR DETECTING 
SYMBOL ERASURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 60/422,864: Filed Nov. 1, 2002. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
This invention relates to methods and systems for detect 

ing erasures in a stream of symbols. 
2. Description of Related Art 
Generally, digital communication channels have the 

capacity to transport a stream of digital data at a determin 
able rate With the caveat that a number of symbols Within the 
data stream Will be corrupted. One primary reason behind 
this data corruption is that communication channels suffer 
from noise contamination. That is, as data is transported 
through a given communication channel, any resident noise 
Within the communication channel Will contaminate the data 
stream. As a result, any device receiving the corrupted data 
Will have to compensate for symbol errors that Will arise due 
to this noise contamination. 

In order to address this problem, a number of error 
correction schemes have been devised to detect and correct 
corrupted symbols. For example, a number of block codes, 
such as the Reed-Solomon (RS) code and the more general 
Bose-Chadhuri-Hocquenghem (BCH) code, have been 
developed to detect and correct multiple symbol errors 
Within a block of data. Yet, it is to be appreciated that there 
is a limit on the number of symbols that a given correction 
scheme can address for a given block of coded data, and that 
the performance of these detection/correction schemes suf 
fers When used With large block lengths. 

However, it is Well knoWn in the commtmication arts that 
if the positions of symbol errors are knoWn a priori, then the 
error correction capacity of a given RS block of data can be 
doubled. While the locations of corrupted symbols Within a 
block of data are generally unknoWn prior to decoding, in 
some cases it is nonetheless sometimes possible to deter 
mine the locations of symbol errors prior to decoding. When 
symbols are characterized by an unknoWn error value but a 
knoWn error location, these symbols are referred to as 
“erasures”. When an erasure is detected, it is advantageous 
to mark the erasure’s location in some manner so that a 

block decoding device can utiliZe the additional information 
in the decoding process. 

While there are a number of knoWn techniques used to 
detect symbol erasures, these techniques still often fail to 
appropriately mark symbols that can clearly be recogniZed 
as erasures. Furthermore, such techniques can also mischar 
acteriZe erasures as good data. Accordingly, neW techniques 
to detect symbol erasures are desirable. 

SUMMARY OF THE INVENTION 

In various embodiments, a technique for determining a 
symbol erasure threshold for a received signal containing 
symbol information is disclosed. The technique begins by 
performing a ?rst threshold calculation to produce an initial 
symbol erasure base-threshold, then performing a ?rst mar 
gin calculation to produce an initial symbol erasure margin 
and then modifying the initial symbol erasure base-threshold 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
using the initial symbol erasure margin to produce a modi 
?ed symbol erasure threshold. 
By modifying a symbol erasure threshold to have a 

margin other than 0 db, the present invention avoids missing 
the detection of an excessive number of erasures resulting 
from burst errors that Would be mischaracteriZed by previ 
ously knoWn devices. Furthermore, by making the modi?ed 
symbol erasure threshold adaptive by periodically updating 
the symbol erasure base-threshold and/or symbol erasure 
margin based on various error quantities, the present inven 
tion further avoids mischaracteriZing symbol erasures due to 
time-variant noise considerations. Others features and 
advantages Will become apparent from the folloWing ?gures 
and descriptions of various embodiments. 

DESCRIPTION OF THE DRAWINGS 

The invention is described in detail With regard to the 
folloWing ?gures, Wherein like numerals reference like 
elements, and Wherein: 

FIG. 1 is a block diagram of an exemplary communication 
system With Which the invention may be implemented; 

FIG. 2 is a functional representation of the communica 
tion channel of FIG. 1; 

FIG. 3 is a block diagram of the exemplary receiver of 
FIG. 1; 

FIG. 4 is a block diagram of the exemplary demapper of 
FIG. 3; 

FIG. 5 depicts an exemplary sixteen point constellation of 
decision points for a QAM signal; 

FIG. 6 depicts a distance/error value betWeen a decision 
point and a symbol estimate; 

FIGS. 7a and 7b depict tWo exemplary distributions of 
symbol estimates about a symbol decision point. 

FIGS. 8a and 8b depict an exemplary difference betWeen 
symbol erasure thresholds resulting from different signal 
to-noise ratios; and 

FIG. 9 is a ?owchart outlining a exemplary operation for 
generating thresholds and detecting symbol erasures accord 
ing to the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a block diagram of an exemplary communication 
system 100 according to the present invention. As shoWn in 
FIG. 1, the communication system 100 includes a transmit 
ter 110, a communication channel 120 and a receiver 130. In 
operation, the transmitter 110 can provide a communication 
signal that contains a stream of digital symbols to the 
communication channel 120. The communication channel 
120 in turn can receive the transmitted communication 
signal and effectively convey the energy of the communi 
cation signal to the receiver 130. Once the receiver 130 has 
received the communication signal, the receiver 130 can 
extract the symbol information from the received signal and 
provide the extracted symbol information to an external 
device (not shoWn). 
The exemplary communication system 100 is an Asym 

metric Digital Subscriber’s Line (ADSL) type system 
designed according to the American National Standards 
Institute (ANSI) Tl.4l3 standard and the ITU-T G.992.l 
recommendation. As such, the exemplary transmitter 110 
can be an ADSL-type transmitter capable of transmitting a 
Discrete Multi-tone (DMT) signal modulated according to a 
Quadrature Amplitude Modulated (QAM) paradigm. Simi 
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larly, the exemplary receiver 130 can be an ADSL-type 
receiver and the communication channel 120 can be one or 
more tWisted-Wire pairs. 

However, in various embodiments, it should be appreci 
ated that as communications systems differ, the transmitter 
110 can also differ to be any one of a number of different 
transmission sources, such as a Wireless RF transmitter, a 
transmission system employing Wires, a transmitter adapted 
for transmitting across a coaxial cable, an optical transmitter, 
a transmitter con?gured to transmit across a netWork, such 
as a telephone netWork or the lntemet, a sonic transmitter or 
any other knoWn or later developed device suitable for 
transmitting information Without departing from the spirit 
and scope of the present invention. Further, the nature of the 
communications system 100 may differ, the nature of the 
transmitted communication signal can vary accordingly to 
encompass any knoWn or later developed communication 
paradigm Without departing from the spirit and scope of the 
present invention. 

Similarly, it should be appreciated that the receiver 130 
can also differ to be any one of a number of different 

receiving devices, such as a Wireless receiver, a reception 
system employing Wires, a receiver adapted to receive 
signals from a coaxial cable, a receiver adapted to receive 
signals from a netWork, an optical receiver, a ?ber optic 
receiver, a sonic receiver or any other knoWn or later 
developed device suitable for receiving information Without 
departing from the spirit and scope of the present invention. 

Further, as the forms of the transmitter 110 and receiver 
130 vary, it should be appreciated that the form of the 
communication channel 120 can vary accordingly. That is, 
in various embodiments, the transmission path 130 can be a 
Wireless link, a Wired link, such as a tWisted-Wire pair or 
coax cable, an optical link, a sonic link or any other knoWn 
or later developed combination of systems, conduits and 
devices capable of conveying information from a ?rst loca 
tion to a second location Without departing from the spirit 
and scope of the present invention. 

FIG. 2 is a functional model of the exemplary commu 
nication channel 120 of FIG. 1. As shoWn in FIG. 2, the 
exemplary communication channel 120 includes a transfer 
function 210 and a summing junction 220. In operation, a 
transmitted stream of digital symbols x(n) is fed to the 
transfer function 210 via link 120a. Accordingly, the transfer 
function 210 distorts the stream of digital symbols as a 
function of the physical make-up of the communication 
channel 120, thus causing, for example, multi-path distor 
tion and delay according to Eq. (1) beloW: 

y'(n):x(n)*h(n) (1) 

Where the distorted signal y'(n) is the convolution of the 
transmitted signal x(n) and the transfer function h(n). 

The distorted signal y'(n) is then fed to the summing 
junction 210 Where the distorted signal y'(n) is subjected to 
various noise, such as Gaussian noise and impulse noise, to 
produce a noisy and distorted signal y(n) according to Eq. 
(2) beloW: 

y(n):y'(n)+n(n)+5(n) (2) 

Where 11(n) is Gaussian noise contaminating the communi 
cation channel 120, and 6(n) is impulse noise contaminating 
the communication channel 120. As the transmitted com 
munication signal x(n) is distorted and contaminated With 
noise, the resultant noisy, distorted signal y(n) can be fed to 
any number of receiving devices. 
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4 
FIG. 3 is a block diagram of the exemplary receiver 130 

of FIG. 1. As shoWn in FIG. 3, the receiver 130 contains a 
front-end 310, an FFT device 320, a frequency equalizer 
330, a demapper 340 and a decoder 350. While the exem 
plary receiver 130 is represented as a string of discrete 
devices 310*350, it should be appreciated that the receiver 
130 can be implemented using any number of architectures, 
such as an architecture based on a microprocessor or digital 
signal processor, a number of ?xed electronic circuits, a 
variety of programmable logic and the like Without depart 
ing from the spirit and scope of the present invention. 

In operation, the receiver 130 can receive a stream of 
symbols encoded and modulated according to the ADSL 
standard, noting that the received stream of symbols can be 
distorted and contaminated With noise. Once received, the 
receiver 130 can provide this distorted, noisy signal to the 
front-end 310. The front-end 310 in turn can receive the 
distorted, noisy signal and perform any number of processes 
on the received signal, such as ?ltering, electrical condition 
ing, ampli?cation and analog-to-digital conversion, as Well 
as any other operation that might be useful for a particular 
receiver using a particular communication standard. Once 
the front-end 310 has processed the received signal, the 
front-end 310 can provide the processed signal to the FFT 
device 320. 
The FFT device 320 can receive the processed signal, and 

perform a real-to-complex Fast Fourier Transform on the 
processed signal. The FFT device can then feed the trans 
formed signal to the frequency equaliZer 330 such that the 
frequency equaliZer 330 can perform an equaliZation process 
to compensate for the distortion caused by the transfer 
function h(n) of the communication channel 120. Assuming 
that the frequency equaliZer 330 performs perfectly, the 
resultant equaliZed signal Will be free of multi-path distor 
tion, but Will still be contaminated With Gaussian and/or 
impulse noise. As the frequency equaliZer 330 equaliZes the 
received signal, the frequency equaliZer 330 feeds the equal 
iZed signal to the demapper 340. 
The demapper 340 in turn can receive the equalized 

signal, Which can be thought of as a stream of symbol 
estimates x'(n)zx(n), and perform a detection process, i.e., 
associating symbol estimates With knoWn decision points in 
a Working constellation, While additionally marking various 
symbols as erasures When appropriate. After the stream of 
symbol estimates x'(n) is detected and appropriately marked, 
the stream of detected/marked symbols is provided to the 
decoder 350. 
As the decoder 350 receives the stream of detected/ 

marked symbols, the decoder 350 can perform an error 
detection/ correction process according to the Reed-Solomon 
paradigm. After the decoder 350 has processed each block of 
symbols Within the stream of detected/marked symbols, the 
decoder 350 can provide a stream of corrected symbols to an 
external device (not shoWn) and further provide information 
as to the symbol error rate (SER) back to the demapper 340. 

FIG. 4 is a block diagram of the exemplary demapper 340 
according to the present invention. As shoWn in FIG. 4, the 
exemplary demapper 340 includes a processor 410, a 
memory 420, a detection device 430, an error calculator 440, 
a threshold calculator 450, a margin calculator 460, a 
marking device 470, an output device 480 and an input 
device 490. The various components 410*490 of the demap 
per 340 are coupled together With an address/data bus 402. 
While the exemplary demapper 340 is represented in the 
context of a processor architecture having a number of 
attached special-function devices 430*470, it should be 
appreciated that these special-function devices 430*470 
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preferably take the form of softWare/?rmWare routines run 
ning from the memory 420. It should also be appreciated that 
the demapper 340 can otherwise be implemented using any 
number of con?gurations or architectures, such as an archi 
tecture based on a microprocessor or digital signal proces 
sor, a number of ?xed electronic circuits, a variety of 
programmable logic and the like Without departing from the 
spirit and scope of the present invention. 

In operation, the input device 490 under control of the 
processor 410 can receive a communication signal contain 
ing a stream of symbol estimates, and provide the stream of 
symbol estimates to the memory 420 as Well as the detection 
device 430. 

The detection device 430 can receive the stream of 
symbol estimates, and perform a detection process on each 
of the symbol estimates, i.e., assign a value to each symbol 
estimate by associating the symbol estimate With one sym 
bol from a constellation of knoWn symbols. The exemplary 
detection device 430 determines the value of a symbol 
estimate from the symbol decision points 522 in the con 
stellation 510 shoWn in FIG. 5. That is, as the detection 
device 430 receives the stream of symbol estimates x'(n), the 
detection device 430 can determine Which decision point 
522 each (noisy, distorted) symbol estimate should be asso 
ciated With based on Where the symbol estimate falls on the 
constellation 510. That is, While an ideal (noiseless, undis 
torted) received symbol should alWays map symbol esti 
mates exactly to one of the sixteen symbol decision points 
522 of the constellation 510, practical receivers can only 
associate a symbol estimate With that symbol decision point 
closest to the symbol estimate. For example, if a symbol 
estimate falls Within the top-leftmost decision area 520 of 
the constellation 510 of FIG. 5, then the detection device 430 
Will determine that that symbol estimate should be associ 
ated With the top-leftmost symbol decision point 522. 

HoWever, it should be appreciated that if a particular 
symbol estimate fails to fall Within any decision area 520, 
but instead falls outside boundary 530 into the tone erasure 
Zone, then the Whole tone may be considered an erasure. 
Accordingly, if the detection device 430 determines that a 
symbol estimate falls in the tone erasure Zone, then the 
detection device 430 can mark all relevant symbol estimates 
as erasures. After the detection device 430 has decided the 
value of each symbol estimate or determined that the Whole 
tone is to be considered an erasure, the detection device 430 
Will appropriately provide a stream of detected signals With 
erasure markers (Where appropriate) to the memory 420 and 
to the error calculator 440. 

The error calculator 440 can receive the stream of 
detected signals With erasure markers, as Well as receive the 
stream of symbol estimates from memory 420 and calculate 
any number of error pro?les. Generally, an “error pro?le” 
can be any quantity based on the distance betWeen a symbol 
estimate and a symbol decision point that can be used to 
gauge the likelihood that the symbol estimate Was accurately 
decided and/or Whether the symbol estimate is likely an 
erasure. That is, it should be appreciated that in various 
circumstances, a symbol estimate may be considered an 
erasure even if the symbol estimate falls Within a particular 
decision area 520. This is because a received signal Will 
occasionally suffer impulse noise that Will “perturb” a 
symbol estimate, Without necessarily displacing the symbol 
estimate into a tone erasure Zone. Accordingly, it can be 
advantageous to detect and ?ag these types of symbol 
erasures as every detected erasure can improve the error 

correcting capacity of an RS block decoder. 
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6 
To that end, the error calculator 440 can calculate any 

number of error pro?les according to any knoWn or later 
developed technique. For example, as demonstrated in FIG. 
6, the error calculator 440 can simply determine the distance 
value en’k betWeen each decision point 322 and a symbol 
estimate 622 for each tone k and symbol n, and add the 
distance values, then normaliZe the sum. Alternatively, the 
error calculator 440 can determine an error pro?le based on 
a normaliZed sum of squared distance values. 

Further, it should be appreciated that in other embodi 
ments the error calculator 440 can use other techniques to 
calculate error pro?les. For example, the error calculator 440 
can in various embodiments employ a sum of Weighted 
distances similar to that disclosed in “METHOD FOR 
DETECTING ERASURES IN RECEIVED DIGITAL 
DATA” to Spuyt (U.S. Pat. No. 5,636,253) herein incorpo 
rated by reference in its entirety. Still further, the error 
calculator 440 may employ an error metric generated from 
a specially-designed Viterbi device, or the error calculator 
440 may employ any number of linear, non-linear, algorith 
mic or non-algorithmic approaches useful for deriving some 
form of error pro?le Without departing from the spirit and 
scope of the present invention. 

Regardless of the type of error pro?le used, once the error 
calculator 440 has determined an error pro?le for each 
received symbol estimate, the error calculator 440 can 
provide the error pro?les to the marking device 470. 
The Working of the threshold calculator 450 is described 

hereinbeloW. First, it should be appreciated that the noise of 
each symbol can be computed as the sum E of the square of 
normaliZed errors associated With each tone as shoWn in Eq. 
(3) beloW: 

leil2 <3) 

Where el- is an error for a tone i, bl- is the number of bits on 
the tone i., and N is the total of all loaded tones used. 

The goal of normaliZation is to normaliZe the variance of 
the noise to the siZe of the decision areas on a constellation. 
The normalized variance depends on a desired tone error 
probability, i.e., a tone error probability considered accept 
able, and usually in ADSL communication systems, the tone 
error probability is a function of a requested noise margin. 
As the statistical distribution of the distance/error values 

can be assumed Gaussian, the sum of squares E Will have a 
X2 (chi-squared) distribution With 2N degrees of freedom. 
When the threshold to detect a symbol erasure is set such 
that a false detection of an erasure is beloW l0_7, such a 
threshold can be calculated based on tWo parameters: the 
SER and the number of tones N. HoWever, in operation, a 
particular SER can be initially assumed, and the erasure 
detector 420 can approximate an initial symbol erasure 
base-threshold EO based on a chi-squared model according to 
Eq. (4) beloW: 

EO=kl+N°5k2+Nk3 (4) 

Where k1, k2 and k3 are parameters set according to the false 
detection of errored symbols and tone erasure probability. 
Once the initial symbol erasure base-threshold is calculated, 
the threshold calculator 450 can provide the initial symbol 
erasure base-threshold to the margin calculator 460. 
The margin calculator 460 in turn can receive the initial 

symbol erasure base-threshold, determine an initial symbol 
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erasure margin M and then calculate a modi?ed symbol 
erasure threshold E(T) according to Eq. (5) below: 

E(T):Threshold BaseValuexM arg inIEOXIO’M/ 1O (5) 

Once a connection is established, it should be appreciated 
that there Will likely be a lot of margin With regard to a Worst 
case initial symbol erasure base-threshold value. That is, the 
symbol erasure base-threshold value that Would provide the 
best results Will generally be different than the initially 
calculated symbol erasure base-threshold. 
One problem With previously knoWn erasure detection 

techniques is that their threshold error rates are de?ned With 
0 db margins. This results in an excessive number of burst 
errors that could be detected, but Will not be ?agged as an 
erasure. Accordingly, the desired margin M can take a range 
of values to address this problem. For example, in various 
embodiments, the margin M can be set to a ?xed value, such 
as 6 db, Which happens to coincide With the noise margin of 
most practical modems. 

HoWever, in other embodiments, the margin M can be 
advantageously calculated based on a signal-to-noise ratio 
(SNR) of the received signal. FIGS. 7a and 7b shoW tWo 
exemplary distributions 710a and 71019 of symbol estimates 
about a symbol decision point. As shoWn in FIG. 7a, the 
distribution 71011 of the symbol estimates about the decision 
point shoW a tight grouping due to a favorably high SNR. In 
contrast, the distribution 71019 of FIG. 7b is relatively much 
Wider than that of distribution 710a due to a relatively poor 
SNR. 

FIGS. 8a and 8b provide an exemplary difference betWeen 
tWo symbol erasure thresholds 850a and 85019 adjusted 
based on the distributions 710a and 71019 of FIGS. 7a and 7b 
respectively. As shoWn in FIGS. 8a and 8b, communication 
signals having larger SNRs may bene?t from having smaller 
overall thresholds, While signals having smaller SNRs may 
require much greater thresholds to avoid accidental mischar 
acteriZation of good symbols as erasures. 

Returning to FIG. 4, once the margin calculator 460 has 
modi?ed the initial symbol erasure threshold, the margin 
calculator 460 can provide the modi?ed symbol erasure 
threshold to the marking device 470. 

The marking device 470, having received a modi?ed 
symbol erasure threshold and a stream of error pro?les for 
respective determined symbols, can then compare each error 
pro?le against the modi?ed symbol erasure threshold, and 
mark those symbols as erasures Whenever the respective 
error pro?le exceeds the threshold. As the various symbols 
are appropriately compared and marked, the marking device 
470 can feed the marked-up symbols to an external device 
via the output device 480. 

While the threshold calculator 450 and margin calculator 
460 together provide the novel advantage described above, 
it should be appreciated that the threshold calculator 450 and 
margin calculator 460 can in various embodiments addition 
ally update their respective threshold and margin values over 
time in an adaptive fashion. 

For example, in a ?rst set of embodiments, the threshold 
calculator 450 can periodically receive various measured 
SER data, including false detection of errored symbols data 
and tone erasure probability data, from the decoder 350 of 
FIG. 3. Accordingly, the threshold calculator 450 can modify 
the symbol erasure base-threshold based on the measured 
SER. 

Similarly, the margin calculator 460 can periodically 
determine the SNR (or other error quantity) of a received 
signal by, e.g., direct observation of symbol estimates, using 
an error pro?le or receiving SNR data from another device 
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8 
associated With the receiver 130. The margin calculator 460 
can then determine a more appropriate margin M based on 
the SNR data and recalculate the modi?ed symbol erasure 
threshold E(T) using Eq. (5) above. The modi?cation of one 
or both of the threshold and margin can accordingly continue 
as necessary. Such modi?cations can be performed at pre 
determined intervals or for example in response to detected 
changes in the SER or SNR. 

FIG. 9 is a ?owchart outlining an exemplary operation for 
adaptively calculating a symbol erasure base-threshold and 
margin, and for detecting symbol erasures according to the 
present invention. The process starts in step 1010 Where an 
initial SER is determined. As discussed above, the initial 
SER can be assumed to be a particular value, or the SER can 
be derived from measured signals. The process continues to 
step 1020. 

In step 1020, an initial symbol erasure base-threshold is 
determined as described above based upon the SER of step 
1010 and the number of tones of a received signal. Next, in 
step 1030, a symbol erasure margin is determined. As 
discussed above, the symbol erasure margin can be set to a 
?xed value, or otherWise determined according to some error 
quantity associated With a received communication signal, 
such as an SNR. Then, in step 1040, a modi?ed symbol 
erasure threshold is calculated based, for example, on Eq. (5) 
above using the initial symbol erasure base-threshold of step 
1020 and the margin of step 1030. The process continues to 
step 1050. 

In step 1050, a stream of symbol estimates is received. 
Next, in step 1060, the symbol estimates are associated With 
various knoWn, valid symbols by associating the symbol 
estimates With the closest symbol decision point in a rel 
evant symbol constellation. Then, in step 1070, a stream of 
error pro?les is generated from the stream of received 
symbol estimates. The process continues to step 1080. 

In step 1080, the various error pro?les are compared With 
the modi?ed symbol erasure threshold of step 1040. Then, in 
step 1090, a determination is made for each symbol as to 
Whether the symbol is an erasure based on the comparison 
of step 1080. If a particular symbol is determined to be an 
erasure, the process jumps to step 1200; otherWise, the 
process continues to step 1100. 

In step 1200, each symbol determined to be an erasure is 
appropriately marked, and the process continues to step 
1100. 

In step 1100, the marked symbol/erasure data is exported 
to an external device, such as an RS decoder. Next, in step 
1110, SER data is received from an external device, such as 
the RS decoder of step 1100. The process continues to step 
1120. 

In step 1120, the symbol erasure base-threshold is updated 
based on an error quantity, such as the SER data of step 1110. 
Next, in step 1130, the symbol erasure margin is updated 
based on an error quantity, such as the SNR of the received 
communication signal. Then, in step 1140, the modi?ed 
symbol erasure threshold is calculated based on the updated 
base-threshold and margin. The process continues to step 
1150. 

In step 1150, a determination is made as to Whether to 
continue to detect symbol erasures. If erasure detection is to 
continue, the process jumps back to step 1150; otherWise, 
control continues to step 980 Where the process stops. 

It should be appreciated that the various above-described 
systems and methods are preferably implemented on a 
digital signal processor (DSP) or other integrated circuits. 
HoWever, the systems and methods can also be implemented 
using any combination of one or more general purpose 
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computers, special purpose computers, programmable 
microprocessors or microcontrollers and peripheral inte 
grated circuit elements, hardware electronic or logic circuits, 
such as application speci?c integrated circuits (ASICs), 
discrete element circuits, programmable logic devices, such 
as a PLD, PLA, FPGA, or PAL or the like. In general, any 
device on Which exists a ?nite state machine capable of 
implementing the various elements of FIGS. 1*4 and/or the 
?oWcharts of FIG. 9 can be used to implement the receiver 
functions. 

In various embodiments Where the above-described sys 
tems and/or methods are implemented using a program 
mable device, such as a computer-based system or program 
mable logic, it should be appreciated that the above 
described systems and methods can be described by any of 
various knoWn or later developed programming languages, 
such as “C”, “C++”, “FORTRAN”, Pascal”, “VHDL” and 
the like. 

Accordingly, various storage media, such as magnetic 
computer disks, optical disks, electronic memories and the 
like, can be prepared that can contain information that can 
direct a device to implement one or more of the above 
described systems and/or methods. Once an appropriately 
capable device has access to the information contained on 
the storage media, the storage media can provide the infor 
mation to the device, thus enabling the device to perform the 
above-described systems and/or methods. 

For example, if a computer disk containing the appropri 
ate information, such as a source ?le, an object ?le, an 
executable ?le or the like, Were provided to a DSP, the DSP 
could receive the information, appropriately con?gure itself 
and perform the functions of the various elements of FIGS. 
1*4 and/or the ?owchart of FIG. 9 to implement the receiver 
130 functions. For example, the DSP could receive various 
portions of information from the disk relating to different 
elements of the above-described systems and/or methods, 
implement the individual systems and/or methods and coor 
dinate the functions of the individual systems and/or meth 
ods to determine symbol erasure thresholds and mark sym 
bol erasures. 

In still other embodiments, rather than providing a ?xed 
storage media, such as a magnetic-disk, information describ 
ing the above-described systems and methods can be pro 
vided using a communication system, such as a netWork or 
dedicated communication conduit. Accordingly, it should be 
appreciated that various programs, executable ?les or other 
information embodying the above-described systems and 
methods can be doWnloaded to a programmable device 
using any knoWn or later developed communication tech 
nique. 

While this invention has been described in conjunction 
With the speci?c embodiments thereof, it is evident that 
many alternatives, modi?cations, and variations Will be 
apparent to those skilled in the art. Accordingly, preferred 
embodiments of the invention as set forth herein are 
intended to be illustrative, not limiting. There are changes 
that may be made Without departing from the spirit and 
scope of the invention. 

What is claimed is: 
1. A method for determining a symbol erasure threshold 

for a received signal containing symbol information, com 
prising: 

performing a ?rst threshold calculation to produce an 
initial symbol erasure base-threshold; 

performing a ?rst margin calculation to produce an initial 
symbol erasure margin; and 
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10 
modifying the initial symbol erasure base-threshold using 

the initial symbol erasure margin to produce a modi?ed 
symbol erasure threshold. 

2. The method of claim 1, Wherein the initial symbol 
erasure base-threshold is calculated based on the number of 
tones used by the received signal. 

3. The method of claim 2, Wherein the initial symbol 
erasure base-threshold is calculated based on an assumed 
symbol error ratio. 

4. The method of claim 1, Wherein the initial symbol 
erasure base-threshold is calculated based on the formula: 

Where kl, k2 and k3 are parameters set according to a false 
detection of errored symbols and a tone erasure probability, 
and N is the number of tones used by the received signal. 

5. The method of claim 1, Wherein the step of modifying 
the initial symbol erasure base-threshold is calculated based 
on the formula: 

Where E(T) is the modi?ed symbol erasure threshold, E0 is 
the initial symbol erasure base-threshold and M is a desired 
margin. 

6. The method of claim 5, Wherein the desired margin is 
calculated based on a signal-to-noise ratio of the received 
signal. 

7. The method of claim 5, Wherein the desired margin is 
?xed to be 6 db. 

8. The method of claim 1, further comprising adaptively 
updating the symbol erasure margin based on an error 
quantity, then recalculating the modi?ed symbol erasure 
threshold based on the updated symbol erasure margin. 

9. The method of claim 8, Wherein the error quantity is a 
signal-to-noise ratio of the received signal. 

10. The method of claim 1, further comprising modifying 
the initial symbol erasure base-threshold one or more times. 

11. The method of claim 10, Wherein the step of modi 
fying the initial symbol erasure base-threshold is based on at 
least a measured symbol error ratio. 

12. A method for determining a symbol erasure threshold 
for a received signal containing symbol information, com 
prising: 

performing a ?rst threshold calculation to produce an 
initial symbol erasure base-threshold; and 

adaptively modifying the initial symbol erasure base 
threshold one or more times. 

13. The method of claim 12, Wherein the step of calcu 
lating the initial symbol erasure base-threshold is based on 
an assumed symbol error ratio. 

14. The method of claim 12, Wherein the step of modi 
fying the initial symbol erasure base-threshold is based on a 
measured symbol error ratio. 

15. The method of claim 14, Wherein the modi?ed symbol 
erasure threshold is calculated based on the number of tones 
used by the received signal. 

16. The method of claim 12, Wherein the modi?ed symbol 
erasure threshold is calculated based on the formula: 

Where kl, k2 and k3 are parameters set according to a false 
detection of errored symbols and a tone erasure probability, 
and N is the number of tones used by the received signal. 

17. An apparatus for determining a symbol erasure thresh 
old for a received signal containing symbol information, 
comprising: 
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a threshold calculator capable of calculating an initial 18. The apparatus of claim 17, wherein at least one of the 
symbol erasure base-threshold; and threshold calculator and margin calculator is con?gured to 

a margin calculator capable of calculating a ?rst symbol adaptively modify their respective initial symbol erasure 
erasure margin, and further capable of producing a base-threshold or ?rst symbol erasure margin based on an 
modi?ed symbol erasure threshold based on the ?rst 5 error condition of the received signal. 
symbol erasure margin and the initial symbol erasure 
base-threshold. * * * * * 


